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Abstract： 
Colloidosomes can be used in a wide variety of industries, such as food, 
bioreactors and medicine. We report for the first time, aqueous core colloidosomes 
with a gold or silver shell. The diameter of the water core is from 0.7 µm to 2 µm. The 
formation of gold coated colloidosomes was achieved by using sodium citrate 
(Na3Citrate) in the core and gold chloride (HAuCl4) in the wash solution. The gold 
shell colloidosomes are covered with spherical gold particles. Silver coated 
colloidosomes can be prepared by using L-Ascorbic acid in the core and silver nitrate 
(AgNO3) in the wash solution. Various processing parameters result in different shell 
morphologies. The silver shell can seal the core of the microcapsule, and the 
encapsulated material can be released by the addition of nitric acid.  
Keywords: Colloidosomes, Gold shell, Silver shell, Encapsulated material. 
  
3 
 
1. Introduction 
Colloidosomes are microcapsules whose shells consist of coagulated or fused 
colloid particles 
[1]
. Colloidosomes have attracted interest in recent years because of 
their capability for storage and delivery of useful materials 
[2, 3]
 and they can be used 
in a wide variety of industries, such as bioreactors, food, cosmetics and medicine 
[4-6]
.  
Aqueous core colloidosomes can isolate the core from its surroundings to protect 
the core from harsh denaturing environment solvents
 [7]
. For example, in 
pharmaceutical applications, water core colloidosomes can be used to delay the 
release of an active drug species, until the reaction conditions are suitable 
[8, 9]
. In 
addition, colloidosomes can be applied to improve the handling characteristics of 
various materials 
[10]
. For example, in agricultural and environmental applications, 
aqueous core colloidosomes can be used to deliver potentially toxic materials, such as 
pesticides and herbicides to intended environments
 [11]
.  
Various preparation methods of water core microcapsules have been developed, 
such as using self-assembly of colloidal particles 
[12, 13]
, a sacrificial template 
[14]
 and 
template layer-by-layer polyelectrolyte self-assembly 
[15]
. Among various methods of 
producing colloidosomes, the self-assembly method is simple and widely used 
[16]
. 
Nevertheless, some issues still remain. Firstly, colloidosomes require good 
encapsulation, which can seal the core for a relatively long time, not just a few hours 
[17-19]
. Secondly, it is often advantageous to place a second shell around the polymer. 
For instance, gold and silver particles are widely used in biomedical applications 
[20-27]
, 
especially for thiol linkers to selectively bind receptor proteins in targeted drug 
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delivery application 
[28, 29]
. Therefore, if one can produce a metal shell, covering the 
polymer and sealing the capsules, the colloidosomes can be used for medical 
applications. 
In this paper, a facile process of making metal shell colloidosomes is presented, 
resulting in gold or silver shells. The formation of gold coated colloidosomes was 
achieved by using sodium citrate (Na3Citrate) in the core and gold chloride (HAuCl4) 
in the wash solution. Silver coated colloidosomes can be prepared by using 
L-Ascorbic acid in the core and silver nitrate (AgNO3) in the wash solution.  
 
2. Experimental 
2.1 Materials 
Poly (methyl methacrylate-co-butyl acrylate) latex particles were synthesized via 
emulsion polymerization as reported elsewhere
 [30-32]
.The diameter of the latex 
particles was determined by dynamic light scattering using a Brookhaven ZetaPALS. 
The measured diameter was 153 nm. The glass transition temperature of the latex was 
found using diﬀerential scanning calorimetry to be 35 °C. Figure 1 shows SEM 
images of original latex particles and polymer shell colloidosomes. The diameter of 
the smooth polymer shell capsules in Figure 1b was between 0.7 µm and 2 µm and 
the average diameter was around 1.2 µm. 
The water used in all experiments was deionized of resistivity 18.2 MΩ•cm 
produced by a Pure Lab Ultra apparatus. Sunflower oil from the supermarket 
Sainsbury’s was used as the continuous phase without purification. Span 80 (Acros 
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Organics), sodium citrate (Fisher Scientific), gold chloride (Fisher Scientific), 
L-Ascorbic acid (Fisher Scientific), silver nitrate (Fisher Scientific), sodium dodecyl 
sulfate (SDS, Fisher Scientific) and Allura Red AC dye (Sigma-Aldrich) were used as 
received without purification. 
The vortex mixer was a TopMix FB15024 (Fisher Scientiﬁc). The dialysis tubing 
was Spectra/Por Dialysis membrane with a MWCO of 12000-14000 (Spectrum 
Laboratories). 
2.2 Methods 
2.2.1 Preparation of colloidosomes with gold shell 
Figure 2 shows a typical method for fabrication of the gold coated colloidosomes. 
4 mL Span 80 was mixed with 200 mL sunﬂower oil in a 400 mL beaker using a 
Silverson high shear mixer (model SL2). The latex particle suspension (11.2 wt%) 
was mixed with Na3Citrate solution (40 wt% in water), to get a mixture, which 
contained 5.6 wt% latex particles and 20 wt% Na3Citrate. 2 mL of this mixture was 
then added into the sunﬂower oil over 30 s. Cyclic mixing was employed, whereby 
homogenization was carried out for 60 s, followed by 30 s rest. This was repeated ﬁve 
times.  
After emulsiﬁcation, the emulsion was separated into ﬁve tubes and heated in a 
water bath at 50 ± 0.5°C. Once the temperature inside the emulsion tubes reached 50 
± 0.5 °C, the timer was started and the emulsions were sintered for 1 h. 
After sintering, 10 mL of the liquid mixture was transferred into an empty 
centrifuge tube and centrifuged at 2500 rpm for 5 min at 20°C. The creamed oil was 
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removed via pipetting. 8 mL HAuCl4 (0.5 wt% in water) and 1 mL SDS (1 wt% in 
water) were added to each tube and the microcapsules were redispersed in the 
aqueous phase using a vortex mixer. The whole mixture was then heated at 60°C in a 
water bath for 1 h. The polymer shell is made of fused latex particles and is 
consequently porous. Therefore the reducing agent diffuses out of the colloidosomes 
and the metal salt diffuses in. By making the rate of metal reduction rapid, in 
comparison to the rate of diffusion, we can ensure that the metal reduction occurs in 
the proximity of the polymer shell and the metal forms a second shell around the 
capsules. The mixture was then centrifuged at 1500 rpm for 2 min at 20°C to recover 
the sediment and the supernatant was removed via pipetting. The resulting 
microcapsules, coated with a gold shell, were washed and redispersed using a 0.1 wt% 
SDS solution.  
2.2.2 Preparation of colloidosomes with silver shell 
Figure 3 shows a typical method for fabrication of the silver coated 
colloidosomes. The initial method is almost identical to that for the gold shell 
capsules. In this case, the original aqueous latex dispersion contains L-Ascorbic acid 
at 15 wt%. The main difference in this method arises once the sunflower oil was 
removed and the microcapsules were redispersed in an aqueous solution. For silver 
shells, 12 mL AgNO3 solution (0.1 wt% in water) and 1 mL SDS (1 wt% in water) 
were added to each tube and the microcapsules were redispersed in the aqueous phase 
using the vortex mixer. 
The mixture was kept at room temperature for 2 h. After the reaction, the mixture 
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was centrifuged at 1000 rpm for 2 min at 20 °C to get the sediment. Then the 
supernatant was removed using a pipette and the microcapsules coated with a silver 
shell were washed and redispersed using a 0.1 wt% SDS solution. 
2.2.3 Dyed colloidosomes with silver shell 
To make silver shell colloidosomes with a dye in the core, a mixture solution, 
which contained 5.6 wt% latex particle, 15 wt% L-Ascorbic acid and 2 wt% Allura 
Red, was prepared. 2 mL of this mixture was then added into a mixture of 200 mL 
sunﬂower oil and 4 mL Span 80 over 30 s. All the other steps are the same as reported 
previously.  
2.2.4 Release by Acid Addition 
One method of triggering release of the encapsulated dye was by dissolving the 
silver shell with acid. To do this, 10 mL of 1 wt% HNO3 (aq) was added to 10 mL of a 
colloidosome sample with a silver shell and heated at 70 ° for 15 min. The quantity of 
the acid was calculated to be marginally more than the amount needed to dissolve all 
the silver. Then the mixture was transferred into dialysis tubing in a bottle containing 
450 mL of water and a magnetic stirrer. 4.0 mL samples were taken from outside the 
tubing every few hours for spectrophotometric measurements for several days to 
investigate the release. After measurement, all the samples were transferred back to 
the bottle to keep the water content constant. 
2.3 Characterization 
2.3.1 Optical microscopy 
A Leica DME transmitted light microscope, coupled to an XLICap color digital 
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camera and capture software (XLI Imaging Ltd., version 12.0), was used in the 
preliminary examination. The samples were inspected under various magnifications. 
2.3.2 Scanning electron microscopy 
The colloidosomes and latex particles were imaged by a scanning electron 
microscopy (SEM). A Zeiss X-beam FIB SEM was used at an accelerating voltage of 
5.0 kV. A drop of particle suspension was air-dried on a stainless steel SEM stub 
overnight. The empty colloidosome samples were then gold-coated using a BioRad 
SEM coating system sputter coater, in an argon environment at 1 × 10
-3
 mbar and 10 
mA for 180 s. The gold and silver coated colloidosome samples were imaged without 
any treatment. 
2.3.3 Energy-dispersive X-ray spectroscopy 
The elemental analysis of colloidosome samples were detected by 
Energy-dispersive X-ray spectroscopy (EDX). The electron beam excitation used is 
from a Zeiss X-beam FIB scanning electron microscopy. The accelerating voltage 
used for EDX analysis was 10.0 kV. 
2.3.4 Transmission electron microscopy 
The silver shell colloidosomes were also imaged by transmission electron 
microscopy (TEM). An FEI Philips Tecnai 20 TEM was used at 200 keV (Tungsten, 
LB6) high-energy electron beam. A drop of colloidosome sample was added onto a 
TEM disc and then transferred to the specimen holder.  
2.3.5 UV-vis 
A UV-vis spectrophotometer equipped with a tungsten lamp (Thermo Scientiﬁc, 
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model Heλios Gamma) was used for spectrometry measurements. The dyed water 
samples were characterized by spectrophotometry in 10 mm path length polystyrene 
cuvettes. The absorbance value at 500 nm was recorded using Milli-Q water as the 
reference. 
3. Results and discussion 
3.1 Colloidosomes with a gold shell 
Figure 4a shows SEM images of colloidosomes coated with a gold shell. When 
magnified (Figure 4b and 4c), it can be seen that the polymer shell was covered with 
spherical gold nanoparticles. The size of gold coated colloidosomes in Figure 4b and 
4c are about 1 µm and 1.3 µm. The size of the gold nanoparticles, which cover the 
polymer shell, is estimated at between 10 to 70 nm. All the particle sizes in this paper 
are measured by using the software “Nano Measurer 1.2”. 
Figure 5 shows the EDX image of the coated colloidosomes. The EDX result has 
four gold peaks, which suggests that the nanoparticles surrounding the surface of the 
colloidosomes are gold. There is also a strong peak of carbon, which indicates that the 
polymer shell is under the gold.  
 
3.2 Colloidosomes with a silver shell 
Figure 6 shows an optical microscope image and SEM images of silver coated 
colloidosomes. As we can see from Figure 6a and 6b, the process of making silver 
shell colloidosomes has a much higher efficiency than the gold system. The diameter 
of the silver coated colloidosomes was from 3 µm to 5.5 µm and the average diameter 
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was about 4.3 µm. Figures 6c and 6d are typical SEM images of silver shell 
colloidosomes. The surfaces of the microcapsules are fully covered by lamellar silver 
particles.  
Figure 7 shows the corresponding EDX image which has a high silver peak. This 
suggests that the lamellar particles surrounding the surface of the colloidosomes are 
silver. There is also a strong peak of carbon, which arises from the polymer shell. The 
aluminum peak was caused by the SEM stub. 
Figure 8 shows TEM images of silver coated colloidosomes. It can be seen from 
Figure 8a and 8b that the silver coated colloidosomes have hollow structures. When 
the sample 8b was rotated by 45° in Figure 8c, the hollow structure was still clear, 
which further confirms the hollow structure. 
 
3.3 Release of the silver shell 
Before measuring the dye release of silver coated colloidosomes and polymer 
shell colloidosomes, some blank tests were carried out to investigate if any chemical 
reactions exist between Allura Red dye, free-moving latex particles and silver 
particles. Three blank tests were done: (1) Allura Red dye (24 mg) in MilliQ water (20 
mL, 18.2 MΩ•cm); (2) Allura Red dye (24 mg) in MilliQ water (18.8 mL, 18.2 
MΩ•cm) and latex particles (1.2 mL, 5.6 wt % particle suspension in MilliQ water), 
which was stirred for 1 min; (3) Allura Red dye (24 mg) in MilliQ water (18.8 mL, 
18.2 MΩ•cm), latex particles (1.2 mL, 5.6 wt % particle suspension in MilliQ water) 
and 0.22g silver particles, which were produced by mixing L-Ascorbic acid and 
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AgNO3 directly. The amount of silver in the control is the same as used in the 
colloidosomes. All mixtures were transferred into 10 cm of dialysis tubing and 
immersed in gently stirred MilliQ water (450 mL, 18.2 MΩ•cm).  
Figure 9 illustrates the dye release proﬁles for the blank tests. All the release data 
of these samples was divided by total dye used to provide a percentage release. It can 
be observed that all three control samples (samples 1, 2 and 3) leaked the dye without 
any trigger and they have very similar trends. Release rates were compared by 
estimating the time for 50% of the dye release to occur. This characteristic time from 
the unsealed colloidosomes through the dialysis tubing was approximately 84 h. The 
final stable release percentage of samples 1 and 2 were approximately 92%. For 
sample 3, the final stable release percentage was a little higher, around 94%. It should 
be noted that the amount of free-moving latex in this experiment had no obvious 
effect on the dye-latex interaction. 
Figure 9 also illustrates the dye release proﬁle for polymer shell colloidosomes 
(sample 4). The release percentage of this sample was divided by the dye sealed 
within the polymer shell. The release rate from polymer shell colloidosomes was 
slower than unencapsulated material in dialysis tubing. The time to reach 50 % release, 
the characteristic time, from the polymer shell colloidosomes was approximately 206 
h. The final stable release percentage of sample 4 was approximately 81%. This is 
lower than the control samples and may indicate that some dye has been lost during 
the manufacturing process. 
The silver coated colloidosomes for this experiment were prepared by using 
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L-Ascorbic acid in the core and AgNO3 in the wash solution at room temperature for 
1 h. The results for the silver shell colloidosomes (sample 5 in Figure 9) shows that, 
there was negligible dye outside the silver shell colloidosomes after manufacture even 
after 500 h. After adding nitric acid, to dissolve the silver shell, (sample 6 in Figure 9), 
the release occurred up to a maximum release yield around 20 % at 84 h. All the 
release percentages of these samples were calculated by dividing the dye sealed 
within the silver shell. In addition, during the process of dissolving the silver shell, the 
high temperature (70 °) and nitric acid may destroy some of the dye, which could 
cause the relatively low apparent encapsulation efficiency. The results of sample 5 and 
6 indicate that the silver shell can totally seal the encapsulated material and the release 
of the dye in the silver shell can be triggered by dissolution of the shell upon addition 
of nitric acid. 
3.4 Different morphology of silver shell 
The morphology of the silver shells can be controlled by using different reaction 
conditions and reagent concentrations. A different set of silver coated colloidosomes 
were prepared by using 5 wt % L-Ascorbic acid in the core and 0.1 wt% AgNO3 in the 
wash solution and allowing the reaction to proceed at room temperature for 2 h. In 
this case, AgNO3 was in excess. Figure 10 shows a series of SEM images of the silver 
shell colloidosomes. As we can see from the SEM images, the formation of smooth 
spherical silver shell microcapsules was successful. When we changed the 
concentration of L-Ascorbic acid in the emulsion core, the ratio of metal salt to 
reducing agent, and the pH were changed. This results in different morphologies of 
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silver particles, as is well known in the silver literature 
[26, 27, 33]
 . 
The diameter of the silver coated colloidosomes was from 0.6 µm to 1.4 µm and 
the average diameter was about 0.84 µm. The process of making spherical silver shell 
also has a relatively high efficiency. 
 
4. Conclusions 
Aqueous core colloidosomes with a gold or silver shell can be prepared. The gold 
coated colloidosomes were made from sodium citrate in the core and gold chloride in 
the wash solution, and the gold shell consisted of spherical gold particles. The silver 
coated colloidosomes can be prepared by using L-Ascorbic acid in the core and silver 
nitrate in the wash solution. Various processing parameters result in different shell 
morphologies. It was demonstrated that the silver shells can seal the core of the 
microcapsules for a few weeks. After a suitable trigger, such as addition of acid, the 
encapsulated material could be released. 
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Figure 1. SEM images of original latex particles and polymer shell colloidosomes 
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Figure 2. A typical method for fabrication of the gold coated colloidosomes 
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Figure 3. A typical method for fabrication of the silver coated colloidosomes 
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Figure 4. SEM images of gold coated colloidosomes 
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Figure 5. EDX image of the gold coated colloidosomes 
 
  
23 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. Optical microscope image and SEM images of silver shell colloidosomes: (a) optical 
microscope image; (b, c and d) SEM images 
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Figure 7. EDX image of the silver coated colloidosomes 
 
 
Figure 8. TEM images of silver coated colloidosomes: (a, b) normal observing position; (c) 
rotating sample 8b by 45° 
  
25 
 
0
10
20
30
40
50
60
70
80
90
100
0  5 0  1 0 0  1 5 0  2 0 0  2 5 0  3 0 0  3 5 0  4 0 0  4 5 0  5 0 0  5 5 0  
D
y
e 
re
le
a
se
 %
 
Time/h 
（1）dye release % (dye) 
（2）dye release % (dye+latex) 
（3）dye release % (dye+latex+silver) 
（4）dye release % (polymer shell colloidosomes) 
（5）dye release % (silver shell colloidosomes) 
（6）dye release % (triggered silver shell colloidosomes) 
 
Figure 9. Release of Allura Red dye from colloidosomes sealed with a silver shell, polymer shell 
and unsealed. Addition of nitric acid triggered the release from colloidosomes sealed with a silver 
shell. Error bars of the standard error of measurements, typically ±∼3%, are not shown for clarity. 
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Figure 10. SEM images of spherical silver shell colloidosomes 
 
